Abstract: Over-exposure to sunlight increases the risk of skin cancers, particularly when exposure occurs during childhood. School teachers can play an active role in providing an education programme that can help prevent this. "Living with the Sun," (LWS) is a sun safety education program for school children based on a handy guide for classroom activities designed to improve children's knowledge, but moreover to positively modify their sun safety attitudes and behaviours. The goal of our study was to determine the effectiveness of this programme by examining children's knowledge, attitude and sun exposure behaviours prior to and after the completion of the programme. We carried out a cluster randomised trial in which the classes were randomly assigned to one of two groups; one using the LWS programme and another that didn't, serving as the control. Data was collected before completion of the programme and an additional three times in the year after completion. The 70 participating classes (1,365 schoolchildren) were distributed throughout France. Statistical analysis confirmed that knowledge of sun risk increased significantly in the LWS classes (p < 0.001). Both groups positively changed their attitudes when considering the best sun protection, but the LWS group proved to consistently be more convinced (p = 0.04). After the summer holidays, differences between the two groups decreased throughout the year but stayed globally significant. We also observed some
Introduction
It has been clearly demonstrated that overexposure to sunlight increases the risk of skin cancers [1] , cataracts [2] , and age-related macular degeneration [3] , particularly when exposure occurs during childhood [4] . Frequency of skin cancers has been increasing steadily worldwide for more than 30 years, and their prevention has become a public health priority in many countries where the population has mainly a white skin phenotype [5] . In France, there are approximately 80,000 new skin cancer diagnoses each year, of which nearly 10,000 are diagnosed as melanoma (Adjusted Standardized Rates World (ASRW): 9.7/100,000 in men and 10.7/100,000 in women) [6] . Time trends in incidence for melanoma have increased since 1980 at +4.5% each year in men and +3.4% each year in women. However, since 2000, this tendency has slowed in both genders (respectively, 0.8%/year and 0.5%/year). The mortality (ASRW) time trends for melanoma diagnoses are 1.7 in men and 1.1 in females, and increased in men between 1980 and 2005, but presently are slowing. In women, time trends have decreased since the beginning of the 21st century [6] .
Sun exposure should be modifiable through behavioural interventions such as avoiding midday sun, applying sunscreen, and by wearing protective clothing, like hats and sunglasses, etc. [7] . Such healthy behaviours have to be applied by the whole population, but particularly by young children. Despite this knowledge, to date, there is insufficient evidence that counselling by clinicians and parents alone has been really efficient [7, 8] . Consequently, school teachers could be complementary, or even act as a better conduit for providing prevention advice and education [9] . Teachers spend a lot of time with children and better know how to increase their knowledge and modify behaviour through pedagogic models. In addition, existing school curricula in science, math, geometry and language can all be used to address the key elements of sun prevention. Furthermore, health education is already generally included in the school programmes. A limited number of Randomized Intervention trials (RIT) dealing with school-based interventions promoting sun-protective behaviours are reported in international literature. Among the published trials a great diversity of actions and methods have been used, but nearly all have the same final objective to increase sun protective behaviour [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . Some other trials are more specifically dedicated to reduce the number of melanocytic nevi [23] [24] [25] [26] . The criteria used to evaluate the results are dependent upon the type of actions. For example, if the increase in knowledge is generally well standardized and easy to measure, the modifications of attitude and behaviour are not, and may lead to heterogeneity and interpretation biases. The majority of the studies observe, as a consequence of their intervention, a global improvement in knowledge, but very few report a persistent modification in sun exposure attitude and behaviours [7, 12, 13, 17] even though some paradoxical results are observed, like an increase of sun exposure after the intervention [10] . Furthermore, other determinants of success, like age and phenotypes of the targeted population, the duration of the intervention, the tools used and the end points of the evaluation, influence the results [13, 27] . Finally, discrepancies between the results can also be explained by either a low statistical power or an inadequate statistical analysis of the cluster design. When the curriculum, "Living With the Sun", was proposed for promotion in French primary schools, we considered that there was still room to undertake a new study taking into account the aforementioned problems.
"Living with the Sun" (LWS) is a transverse and multidisciplinary sun safety education guide for teachers. It was created in 2006 by an astrophysicist, a communications specialist and a teacher trainer and edited by the nongovernmental organization "Sécurité Solaire" [28] . It called for teachers to lead 10 workshops for 9-to 12-year old pupils during the last three months of the school year (from April to June in the northern hemisphere). The teaching guide contained practical and entertaining classroom activities designed to potentially improve children's scientific knowledge and to positively modify their sun safety attitudes and behaviours. A first evaluation was performed in a limited area, including 282 children. The programme showed a beneficial effect in increasing children's knowledge for a few months, but no long term difference concerning their sun protection habits [29] . Before disseminating the curriculum throughout France, a new, right comparative methodology was needed for the evaluation of the curriculum. Our goal was to determine the effectiveness of this preventive programme.
Methods

The Teaching Guide LWS: Composition and Use
This guide contains practical classroom work and activities designed to increase children's scientific knowledge of the sun, its characteristics and activities in relation to life on the earth. For children, it helps them to understand how the sun works and what the benefits and risks of exposure to the sun are, so they can modify their own behaviours. The ten workshops, delivered during a three-month period, covered four topics: The effect of sun exposure on the body; the different skin types and their sensitivity to sunlight [30] ; the determinants of variations in the UV intensity; and sun protection strategies. The specific concept of the LWS programme is to increase students' competencies when dealing with the sun, not simply to enhance their academic knowledge. The investigative approach, which is at the heart of the programme, allows children to record observations of their physical environment, so they can raise questions and find answers to those questions through guided experiments in the programme. The hypothesis of this study is that an increase in children's practical competency, beyond simple knowledge, could have a greater effect in changing their sun exposure behaviours.
To optimize the use of teaching time, proposed lessons corresponded with the official primary school curriculum in the sciences, geography, mathematics, and language. Enhancing the programme's progress, different classes worked together on related projects and activities. For example, some groups created public information announcements to be displayed in schools throughout the district, others wrote petitions to local politicians about the lack of shade in local courtyards or at swimming pools. Another goal of this programme was that the children's efforts would receive attention in the local press. Other advantages of this programme include that it targets the right age group to effect and modify behaviours for lasting change, by using a pragmatic, interactive and entertaining methodology to increase children's self-esteem and knowledge about the sun and its relation to their health [31] [32] [33] . In addition, it is delivered by professional pedagogues in a group environment favouring peer effect [21, 34] . Beginning with observation raising questions, the children find answers to their questions using invention, criticism, experimentation and evaluation. By engaging the student's perception of his or her own ability to solve problems and to understand how the components of such problems work, this curriculum can help children realize the risks of sun exposure and empower them to modify their own behaviour for their health [35, 36] .
The Evaluation
The Experimental Design
From April 2007 to December 2007 we carried out a cluster randomised trial [37] in which classes, rather than individuals, were stratified by regions and randomly assigned to one of two groups: One, using the LWS programme and one not, serving as control group. Cluster randomised trials are valuable in the evaluation of interventions with groups like school classes, families and villages. In such a trial, relationships between individuals in the group (because they have some similarities and influences on each other), have to be examined and eventually controlled for [38] . To avoid contamination bias, when randomized classes were found to belong to the same school they were considered as one class (this happened in only three schools).
Data Collection and Measures
Data regarding the children's knowledge, attitudes and behaviour were collected in 70 classes using the same questionnaires, paired child by child, at different times: Before intervention (T0), then after completion of the programme (T1), in 42 school classes, two months after the summer holidays (T2) and in 33 classes one year later (T3). Specific questions on behaviour were added at T2. All the questionnaires were filled out at school and were supervised by teachers who were trained before beginning the study. The questionnaires were composed of four parts: General and skin-type characteristics; knowledge of the sun; attitude concerning sun prevention; and sun behaviours. In the absence of already standardized validated scales [11] , we used our own questionnaire already tested in previous studies. This questionnaire was created using excerpts from the literature, combined with our experiences in previous studies [7, [39] [40] [41] , and tested on a sample of seven classes (122 children). We analysed the internal validity as well as the comprehension, acceptability and reproducibility of the questions.
The questions were mostly binary; some were qualitative and codified afterward by a blind worker (not aware of the cluster type it comes from). Other measures were done using arrows linking items, or showing an answer). The order of the questions was not the same at the various times of the evaluation to avoid memorizing bias.
Statistical Analysis
The initial participating classes (31 in the control group and 39 in the experimental one, or the LWS group), consisted of 1,365 school children with a mean age of 9.9 years and were distributed throughout France. This number was calculated to obtain a power of 90% (1-β) to detect a 10% difference at T1 (Standard Deviation (SD) = 30%) between the two groups in the two major criteria (global knowledge as percentage of good answers and global sun-behaviour during holidays), with an error risk α of 5% (two-sided test), and taking into account an intra-cluster coefficient equal to 0.10 with a mean cluster size of 25 children.
Because subjects were randomized by clusters, the classes in this case, techniques appropriate for clustered data were used. All analyses accounted for the correlation of measurements within classes. We summarized children and the schools characteristics overall and for each study arm. We tested the effectiveness of the randomization by comparing children and class characteristics across arms using practice-adjusted chi-square and t tests.
To compare the two groups, statistical analysis was conducted with mixed effects regression extensions (GLMM), accounting for dependencies among cluster members, adjusted on significant (p ≤ 0.05) co-variates at T0 and pre-test values [42] . Intraclass correlation coefficients from these models have been estimated. Bonferroni's correction and false discovery rate, as introduced by Benjamini and Hochberg, were used when assessing the significance of multiple regression coefficients/correlations [43] .
We performed a secondary analysis using all observations, including children missing baseline or follow-up measures. We estimated a repeated measures model for each outcome and tested the interaction between measurement periods and intervention group assignments [44] . These were linear four-level hierarchical models with observations nested within children, within clustered classes, and schools. In order to assess the problem caused by missing data (classes and children), we used the estimation methods developed by Verbeke and Molenberg [45] .
All statistical analyses were performed using Stata 9 (Stata Corporation, College Station, TX, USA).The data was anonymous and, following French legislation in 2006, the file was registered at "Comité National Informatique et Liberté" (N° 1156768 on 20/03/2006). The information and the parental waivers were completed and obtained by participating school teachers.
Results and Discussion
Characteristics of the Children by Groups
As described in Table 1 , there was no statistical difference observed concerning age, gender and photo-types or basic knowledge of sun risks. There were some differences observed concerning their outside activities: The control group practiced more often walking or cycling (p = 0.03) and swimming (p = 0.008). These parameters were used as adjustment covariates in the following analysis.
Modification of Knowledge between T0 and T1
The questionnaire about the children's knowledge was composed of 47 questions, classified under 13 headings (Table 2) . At T0, out of 47 questions, the control group had better knowledge than the LWS group only twice (p ≤ 0.05); no other significant differences were observed. When pooling the questions by headings (Table 2) , there is only one heading where the score differs at T0 (p = 0.02): The control group knew better what the eye can see (ultraviolet, infrared, white light). These parameters were used as adjustment covariates in the following analysis.
At T1, the gap in knowledge increased between the two groups in favour of the LWS group, which gives more frequently (p < 0.05) a right answer in 31 of the 47 questions.
The global score at T0 (% of good answers) for the 47 questions was 59.5% (SD = 11.4%) in the control group and 59.2% (SD = 9.9%) in the experimental group (p = 0.84). At T1 (p = 0.0001), it becomes 62.7% (SD = 10.7%) and 73% (SD = 10.4%), respectively. Figure 1 illustrates the evolution of the knowledge in the 70 classes between T0 and T1. The regression model shows that children's skin colour and predisposition to sunburn (Fitzpatrick classification) also affected the knowledge scores (p < 0.05). The lower the children's skin type, the better their knowledge was of the sun's activities. On the contrary, the children who answered that they have a tendency to sunburn had lesser knowledge in general. Figure 1 . Evolution of knowledge rates within the various classes by intervention group.
Modification of Attitude between T0 and T1
This section of the questionnaire contained 16 items in four headings (Table 3) . At T0 we did not observe any difference between the two groups. Both believe that being tan looks better (47%); that it is necessary to protect themselves from the sun, particularly when they are practicing sports outside (72.5%) and on the beach (86.5%); they used sunscreen mostly to avoid sunburn (57%); and to be protected, they think it's better to use all types of protection together (47.5%). However, at T1, in five of the 16 items, we observed a significant difference: The children from LWS classes think more often that to be tan (i.e., to have a darker skin, as a consequence of a higher production of eumelanins) protects more from sunburn (p = 0.004) (48.6% versus 35.4%, respectively). In addition, they believe it is necessary to protect themselves when walking or being in the mountains (respectively, p = 0.03 and p < 0.000) and that sunscreen use helps protect their skin from later effects (p = 0.04). The two groups strongly change their attitudes when considering the best protection, but the LWS group is more convinced that using all types of protection together is best (p = 0.04). 
Results after Summer Holidays
Forty-two school classes participated in this evaluation; 19 from the control group (341 children) and 23 from the LWS group (363 children). The reduction in the number of classes after the holidays is related to administrative moving of teachers and, in some cases, renunciation to follow the programme. This problem was taken into account in the statistical analysis. The characteristics of the children within the two groups compared (age, gender, skin-types) were not different than and were of the same order as the whole initial group (46% of girls, mean age 9.7-9.8, 36% fair eyes, 49-52% fair hair, 56-62% fair skin, 68-71% without freckles, 29-36% easy sunburn). We found the same significant differences for outside activities: The control group performed more often walking or cycling (p = 0.027), and swimming-pool (p = 0.02).
We also found at T0 the knowledge of this reduced sample was close to the whole group with five significant differences between the compared groups on the 47 questions (four in favour of the LWS group), but only one difference when grouped by headings, also in favour of the LWS group.
After the summer holidays, differences in knowledge between the two groups decreased a little and the differences between T0 and T2 were smaller than between T0 and T1. In the 47 questions at T2, we did not observe a significant difference in the children's responses in 26 of them, unlike at T1 where we did not observe a significant difference in just 14 of the questions. However, the majority of good responses remained in favour of the LWS group. When grouped by headings, the knowledge of the LWS group was significantly higher in eight of 13 headings.
The rate of good answers at T0 was 58.9% (SD = 10.9%) in the control group versus 59.6% (SD = 9.8%) in the LWS group.
At T1, this rate was respectively 62.8% (SD = 10.4%) and 73.5% (SD = 10.3%) (p < 0.001) and at T2, these rates were 65.2% (SD = 10%) and 72.6% (SD = 9.8%) (p < 0.001). Children in the LWS classes were more likely than the control group to state that it was necessary to be protected against the sun, especially when walking in the mountains (Odd Ratio (OR) = 3.01, 95% Confidence Interval (CI) (2.01 versus 4.87)), and that the use of sunscreen was a good way to avoid skin damage (OR = 1.54, 95%CI (1.05 versus 2.27)) as shown in Figure 2 . Concerning attitudes in this reduced sample, we did not observe any difference at T0 between the two groups. As a whole, they thought: Being tan looks better (46%); that it is necessary to protect themselves from the sun, particularly when practicing sports outside (72.5%) and when they were on the beach (88%); they used sunscreen to avoid sunburn (57.5%) and be protected; and 48% thought it was better to use all types of protection together.
When looking at the data at T2, the good attitudes increased in the two groups, but a little bit more in the LWS group; four of the 16 items became significant. The children from LWS classes thought more often (48.6% versus 35.4%) that being tan protected them from sunburn (p = 0.02) and that sunscreen use helps to protect their skin from later effects (p = 0.02). On the contrary, the control group used sunscreen more often because their parents wanted them to and 9% considered it to be the best protection as compared to only 5% in the LWS group (Figure 3) .
Finally, we questioned the two groups on their sun behaviours during the last holidays and compared the answers with the data we collected at T0 on their usual sun behaviours (Table 4) . Again, the behaviours in the two compared groups were about the same at T0. Of 20 questions, only two items were significantly different: The LWS group was repeating sunscreen application more often during the day and they already had information on the sun at school. The results at T2 were different (p < 0.05) four times out of 20. The LWS group more frequently wore a hat and used more a sunshade when on the beach, they also repeated sunscreen application more often and 79% of them considered their information to have come from school. In the control group, it was the parents who gave information on the sun most often.
Results One Year Later
We were able to collect data in the 33 classes (474 children, 208 from the control and 266 from the LWS group) one year after the completion of the programme. The characteristics of the children within the two compared groups (age, gender, photo-types) remained the same and of the same level as the whole initial group. Difference in knowledge, although less important (62.8% of good answers in the control versus 68.5% in the LWS group), was significant (p < 0.001) as shown in Figure 4 . When considering protective attitudes, the LWS group still responded significantly better in three items: The children of the LWS group were more convinced of the necessity to protect themselves when practicing water sports (87% versus 78%, p < 0.04), when being on the beach (96% versus 87%, p < 0.003), and when being in the mountains (76% versus 68%, p = 0.05). The declared behaviours were still better in the LWS group only when staying on the beach by using more protective measures, such as wearing a T-shirt, a hat and using a sunshade (Table 5 ). 
Discussion
The World Health Organization and Centers for Disease Control guidelines [8] recommended developing sun exposure preventive interventions targeting young children because childhood is the time when risk to UV rays is highest. They also recommended targeting childhood interventions at school because children are already present and engaged in the process of learning [8, 32] . The "Living with the Sun" guide seems to be a good way to not only increase children's knowledge, but to obtain modifications of attitudes and behaviour. The guide's proposed educational activities consists of entertaining scientific games for children as well as a good pedagogical method widely accepted to increase self esteem, which is a good determinant for changing behaviour [9, 10, 21, 33] . Our results clearly confirm that school-based health education programmes can have a positive effect on children knowledge [7] . Furthermore, we also observed in the control group a non-significant increase of the good response score between T0 and T1. We assume that such an increase could be due to the impact of the general environment (schools, parents, television, advertisements, etc.) during spring and summer times.
Two systematic reviews [7, 27] concluded that education approaches for increasing sun-protection behaviours were somewhat effective when implemented in primary school and in recreational settings. All published studies showed a marked increase in knowledge scores immediately after the programmes concluded and heterogeneous results were obtained for changes in attitude. In our study the differences between the two groups, both on knowledge and attitude concerning sun exposure, decrease with time but are still present after one year as clearly shown in Figure 4 .
When considering the problem of positively influencing sun behaviours there are very few interventions that show an effect, moreover the problem of measuring this effect is not easy and hard to reproduce.
The main outcome was a reduced preference for tanning in two studies that included children 9 to 11 years old [17, 46] . Our trial was able to clearly demonstrate the efficacy of the LWS programme on modifying attitudes immediately after its conclusion in the schools but also-even more moderate and with a greater variability-after the holidays and one year later. The increase in modified attitudes was related to exercising safe behaviours on the beach.
Some methodological limitations in the statistical analysis may affect the results, for instance, not taking into account dependencies among cluster members [38] . Furthermore, the problem of missing data due to loss of clusters and of children in the long term must be considered. To avoid a significant decrease in statistical power when performing a longitudinal analysis, we chose conservative parameters to estimate the sample size at T0. To estimate the biases due to missing data we used the method proposed by Verbeke and Molenbergs [45] . This enabled us to show that there were no biases created by missing data, especially on the long term results. Finally, the loss of clusters could unbalance the two groups and destroy the randomization. In our study specifically, it was reassuring that when we did a comparison of the characteristics of the clusters, and of the children between the two groups at the different end-points of the trial, that there weren't any differences in the relevant data influencing sun-exposure.
To evaluate true modifications in behaviours is a real challenge [7, 8, 19, 21, [47] [48] [49] . We were able to get the data of the same children after summer holidays but only by using questionnaires fulfilled by children at school. Our results after the holidays showed an improvement in the sun exposure behaviour in favour of the LWS group (Table 4) . However, there was no indication of a difference made on the immediate consequences on skin of inadequate sun exposure as related to children's responses. We did not undertake external observation of the children's behaviours or clinical examination by professionals. Such a method, as in other published trials, could create some difficulties for the extrapolation of results.
The maintenance of the LWS curriculum during the following years at schools was not evaluated in our study. Maintenance evaluation has been suggested by many authors [7, 8] to reinforce the effect on behaviour, but it has never been evaluated.
Conclusions
To acquire knowledge that influences new attitudes and supports healthy behaviours is specific to learning in young children. At home, at school and in the street, children progressively discover the outlines of their identity and their place in their social environment. Such experiences are important for the construction of positive self-esteem, choosing their way of life and developing behaviours [50, 51] .
Our results, based on this theory, showed a significant progression of knowledge and some modification of children's sun related attitudes and behaviours lasting at least 12 months. In conclusion, the pedagogic approach proposed by the LWS programme was evaluated using a cluster randomised trial adequately analysed, the study was able to confirm previous published results on acquisition of knowledge and to add new arguments concerning change in attitude and short term behaviour particularly when being on the beach. It seems that primary school is a favourable site and period in time to communicate messages about excessive exposure to the sun. Educational methods, such as using pragmatic and funny tools delivered by trained teachers over a long period of time, could also be a part of the LWS programme's success. From this research it would seem school-based health education to promote sun safety behaviour is most effective when it is provided consistently and included periodically in every grade of the school curriculum from pre-kindergarten to secondary school (18) . Such policies still have to be developed in French schools.
Finally, interventions in schools should be part of larger programmes involving parents and communities and they should rely not only on one cognitive approach, but aim at changing children's environment and behaviours through many.
